Since 1900 (Isaac 1905 , Crawford 1927 , the Mexican fruit ßy, Anastrepha ludens Loew, was recognized as a threat to fruit production in subtropical regions of the United States. Methods of detecting and managing or eradicating this species have been high priority research topics by the U.S. Department of Agriculture (USDA) scientists since 1928 when the Mexican fruit ßy was recognized as a pest established in the Rio Grande valley of Texas (Shaw et al. 1970) . The experiments by McPhail (1937, unpublished report) addressing attractants for detecting Mexican fruit ßy were summarized in Baker et al. (1944) . Results of testing 495 materials were published only as an inhouse report. McPhailÕs (1937) summary of this list of materials and attractant tests concluded none of the plant-derived products were likely to be effective attractants, but fermentation products would be "of considerable interest to those engaged in trap operations in the (Rio Grande) valley."
Detection of adult fruit ßies is an important component of fruit ßy management programs to protect against damage and loss, but is also a key factor in protocols for meeting quarantine standards. The sensitivity of baits for detecting quarantined pests in production areas is an important component of these protocols. Suggested standards, baits, and trapping methods for economically important fruit ßy species are given in International Atomic Energy Agency (IAEA; 2003) .
In the late 1990s members of the U.S. Department of AgricultureÐAgricultural Research Service (USDAÐ ARS) laboratory in Weslaco, TX, exchanged visits and information with Brazilian scientists studying populations of Anastrepha fraterculus (Wiedemann) in Rio Grande Sul. They reported (Kovaleski 1997 ) that locally produced grape juice was a satisfactory and inexpensive bait for use in McPhail traps to monitor populations of this species. Kovaleski et al. (1999) reported that 25% grape juice in water was widely used by apple growers in the Rio Grande Sul state and was better than corn protein hydrolysate. During a visit to Weslaco, Suguyama and Kovaleski brought samples of the Brazilian juice concentrate and we tested the dilution used in Brazil against released, sterile A. ludens in an orchard on our laboratory property. We compared this product to the torula yeast hydrolysate standard used in U.S. Mexican fruit ßy (and other Anastrepha) monitoring programs. Recapture rate was about the same for the two baits, but the grape juice rapidly fermented, the odor was disagreeable, and bycatch of other insects, including bees, was higher.
In 2004, we initiated a project to detect breeding areas and host plants for Anastrepha serpentina (Wiedemann) in Allende, Nuevo Leon Mexico and tested grape juice as a possible attractant for A. serpentina detection and monitoring. We did not capture any A. serpentina in any of the grape products, but grape juice traps in the two minimally managed orchards in the Allende area captured greater numbers of A. ludens than the torula yeast traps. The sampling program compared Mexican brands of commercial grape juice sources including fresh bottled grape juice at the concentration used for drinking, powdered grape juice that is mixed with water for drinking, and grape juice concentrated that is used mainly for commercial mixing of large amounts of juice for drinking or pouring over ice chips (raspas). After our initial comparisons of the various grape products in the Allende area, we repeated the comparisons in this orchard and in a much larger orchard in San Luis Potosi. The tests reported here were designed to compare grape juice products with hydrolyzed torula yeast over severalyear-long trapping programs. We were interested in both the comparison of the total ßies responding to the attraction over the period, function of the attractants over varying conditions in orchards and the response of ßies related to reproductive maturity during the year. In fruit production systems, fruit ßy populations are managed in programs based on detection levels. Trapping is the major activity to detect new introductions and outbreaks. Improved baits reduce risk and cost of eradication if outbreaks are detected immediately so population growth and spread are controlled.
Materials and Methods
Orchards. The Mexican fruit ßy is the major fruit ßy pest in citrus production in Mexico so experiments were carried out in Valencia orange orchards known to have Mexican fruit ßy infestations. Testing was performed comparing numbers of Mexican fruit ßies trapped with each bait in an orchard, La Colmena, located Ϸ2 km north of Allende (25Њ 17Ј08.46Љ N, 100Њ 02Ј30.47Љ W, elevation 484 m), Nuevo Leon and the La Ceiba orchard near Tamuin (21Њ 59Ј51.77Љ N, 98Њ 45Ј32.26Љ W, elevation 27 m), San Luis Potosi.
La Colmena orchard located in Nuevo Leon has been continuously monitored with at least 4 McPhail traps baited with torula yeast hydrolysate and checked weekly from the late 1980s until the present. The orchard is located in the foothills of the Sierra Madre eastern mountains and has a more moderate temperature range than the larger citrus orchards to the south and east. It is composed of 50 rows of 20 Valencia orange trees in alternate rows with pear trees. The rows are in an eastÐwest pattern on a gentle slope. The orchard is bordered on the northeast by some residences and the highway from Allende to Monterrey, on the southwest by disturbed pastures, scrub trees and a small stream, to the northwest by a road and small college with open Þelds, and to the southeast by citrus orchards. La Colmena is Ϸ20 ha but many trees were dead along the north side. In addition, the orchard was minimally maintained and for most of the year weeds were as tall as the trees. Scattered throughout this area, mainly in the beds of streams and small rivers are yellow chapote plants, a wild host of the Mexican fruit ßy, and other hosts such as guava, citrus, and other fruit species in gardens.
La Ceiba orchard, located in San Luis Potosi, is planted in Valencia oranges. It is surrounded on North by the Rio Tampaon, to the east and west by similar orchards and to the south by grazed pastures and scrub trees. The area of this orchard is Ϸ81.5 ha. Physically and ecologically, this orchard resembled orchards in Texas, it is a commercially maintained orchard on a ßat ßood plain, weeds were mowed, it had no alternative hosts nearby, and was irrigated by a microsprinkler system. Pest management was carried out according to a protocol developed by the state citrus committee; this included malathion bait applications as oranges ripened.
Baits. We used torula yeast baits (ERA International Limited, Freeport, NY) with 4 tablets per trap as the check bait, and three classes (juice, mixed concentrate, and mixed powdered) grape products were compared with the check and each other. The commercial grape juice, produced by Hacienda La Fe from fruit grown and prepared by Parras de la Fuente, Coahuila, was mixed with water at 1:1 ratio. The concentrate, marketed by Fruitibases, in Monterrey Nuevo Leon, was diluted in water 1:9 as recommended to make juice for drinking. A powdered formulation ("Tang," Kraft foods de Mexico, Col Tres Estrellas, Cd. Mexico) was also prepared as recommended drink at 1 packet of powder to 2 liters of water. The products, as prepared, had a similar consistency. All traps were MultiLure traps (Better World Manufacturing Inc., Miami, FL), having a yellow bottom and transparent top. In all tests 300 ml of liquid bait was poured into traps and was sieved for counts of captured fruit ßies. After weekly samples were taken, traps were washed and all baits were replaced with fresh material.
Trials. The Þrst trial in La Colmena orchard was designed to compare a series of grape products with each other and with the standard torula yeast pellets. Formulations for the trials in La Colmena and La Ceiba included the juice, concentrate, and powdered grape products. We noted during dry periods that the all the grape products had signiÞcant evaporation with several of the traps being dry after 7 d. Thomas (2008) recommended that nontoxic antifreeze made up of propylene glycol without toxic or repellent additives use in Biolure traps to preserve trapped specimens and reduce evaporation. We chose to test the additive polyethylene glycol (PEG) at 1% concentration because it has been reported to reduce evaporation and act as a dispersant, humectant, and preservative (Moreno and Mangan 2002) . Experiments were carried out at the La Colmena (2 tests 2009 Ð2011) and La Ceiba (3 tests, 2008 Ð2011) orchards. Tests of the grape products with and without PEG were made in tests at both the La Colmena and La Ceiba orchards. All experiments were carried out through early summer months corresponding to fruit ripening and high ßy activity and late summer through winter months when fruits were immature and ßy activity was lower.
Female Maturity 2010-2011. Female ßies captured in the traps were dissected to distinguish gravid and nongravid females. Females were dissected and the ovaries were extracted from the abdomen by clasping the ovipositor with forceps in the Þeld or the females were placed in screw-top vials (Ϸ20 ml) in 70% alcohol and dissected in the laboratory. Females were scored as immature, having no mature eggs observed in the ovaries, or gravid with at least one mature egg in the ovaries.
Data Tabulation and Analysis. Trapping samples were collected weekly and recorded for individual traps. In all tests, number of ßies captured were summed for each bait and recorded as weekly samples. In the Þrst test, there were Þve torula hydrolysate traps and two traps for each of the grape baits. We only included two traps (those identiÞed as Traps 1 and 2) from the torula sums to coincide with two traps from the 3 grape baits. In the subsequent tests, trap numbers were recorded weekly for each of the baits in tests that were replicated six times. The total number of traps was 6ϫ the number of baits.
Tabulated summary data and key statistics were presented for each of the baits for each of the six trials in separate tables. Data were analyzed using a one-way analysis of variance (ANOVA) to provide statistics for a mean separation test using the Bonferroni separation method (SYSTAT 2004) . If the ANOVA was not signiÞcant for effects of the bait, no separation was performed. Further analysis was performed for effects of date and bait using a general linear models process for effects of date (week of test) and bait.
Results
Mexican fruit ßy captures over the trapping periods are summarized in Table 1 for the tests at the two sites. Each column in this table represents a trial lasting from 10 to 12 mo. Each cell is the weekly total Mexican fruit ßy capture for the weeks in the month listed in the Þrst column. Most of the months had 4 weekly samples, but some at the beginning and end of the tests contained 2 or 3 weekly samples if the trial began or ended in the middle of the month. The La Colmena averaged more ßies trapped than La Ceiba during the tests from 2005 to 2010, but in 2010 Ð2011, populations were much lower at both sites and were equivalent in average numbers trapped per month. The average ßy per trap per month can be calculated in each test by dividing the average total per month (second from the last row) or each monthly average by the total traps per grid. This gives a better index of the total captures, for example the Þrst 2005Ð2006 La Colmena trial averaged 90.1/8 ϭ 12.26 ßies per trap per week, while having a larger total ßies captured averaged 139.7/30 ϭ 4.66 ßies per trap per week because there were more total traps in the grid.
Summaries and analysis of the individual trials are given in Tables 2 through 7 . The Þrst test, summarized in the column "La Colmena 2005Ð2006" (Table 2) is the mean total ßies captured in the weekly traps for each month. In this test there were two traps per bait. In all following tests (Tables 2Ð7) there were six traps per bait. Mean and SD of the bait performance are summarized for each of the trials. Also given in the tables is the proportion of sample periods (weeks) in which each of the baits captured zero ßies. The ANOVA results for effect of baits are given at the bottom of the tables for each trial. The numbers of immature (no eggs) and mature (eggs) females trapped for each bait for the 2010 Ð2011 trapping experiments at each location for each sample period in Table 2 . This analysis was performed for weeks when all 4 baits were concurrently tested. The effects of bait were signiÞcant in the ANOVA and the mean separation index, by Bonferroni test gave a ranking of the baits. SigniÞcant differences were found with the grape concentrate Ͼ grape juice Ͼ torula Ն powdered grape. Traps with grape concentrate or grape juice, captured at least one ßy each week. The powdered grape and the torula trapping had some weekly samples with zero ßies.
Tests in La Ceiba, performed from October 2008 to July 2009 are given in Table 3 . The summary of the 3 grape baits, with and without PEG additive, showed that the grape juice with PEG had the highest capture rate and the juice with or without PEG was signiÞ-cantly higher than either concentrate or the powder products. None of the products were signiÞcantly improved by the PEG additive in the mean separation tests, although the grape juice with PEG had Ͼ34% greater capture rate than the non-PEG grape juice.
The results of the 2009 Ð2010 bait comparisons performed concurrently at La Colmena, and La Ceiba orchards are given in Tables 4 and 5 . Trapping rate at the La Colmena site was Ϸ10-fold higher than that at La Ceiba. Results from La Colmena had high variation in trapping; the captures in grape juice were higher than torula or the other grape products but ranges and SDs were the highest of any of the tests and the bait effects were not signiÞcant in the ANOVA (Table 4) . In La Ceiba, captures were signiÞcantly higher for torula compared with any of the grape compounds (Table 5) .
Trapping patterns for experiments in 2010 Ð2011 in La Ceiba and La Colmena are summarized in Tables  5 and 6 . Although the grape juice was most attractive, there was only slight separation of the baits. At both sites, the best grape attractants, grape juice and torula did not signiÞcantly differ.
Reproductive maturity of the females from the 2010 Ð2011 trapping at both locations is summarized in Figs. 1 and 2 . Monthly totals of gravid and immature females showed that except for very brief periods, most of the females were mature. Trap catches after late April were mostly zero for both immature and gravid females. Totals of immature and gravid females are plotted for each bait at the two locations in Figs. 3 and 4. Mature females outnumbered immature females captured for all baits. The greatest difference in the ratio of immature to gravid females was in the juice baits that also captured the most females at both locations.
Discussion
The citrus in the Nuevo Leon and San Luis Potosi orchards were Valencia oranges, and in the Nuevo Leon orchards about half the trees were a local (criollo) variety of pear. The oranges ripen from April through June and the pears from June through August. The peak capture periods at both locations tended to be March to May, though this period did not always have highest capture rates, probably due to sprays, at least in the La Ceiba orchard. The two orchards selected for testing the baits had different population densities. The La Ceiba orchard in San Luis Potosi averaged Ϸ10% of the trapping rate of La Colmena in Nuevo Leon. Both locations were bounded by drainage streams or rivers, the Tampoan River at the border of La Ceiba had nonhost trees and other vegetation, while banks of the streams near La Colmena orchard were largely (Ϸ50%) yellow chapote trees and shrubs (Casimiroa greggii (S. Watson) a native host for the Mexican fruit ßy.
Our main interest in analyzing the trapping tests was to determine whether the baits were signiÞcantly different. In the trapping system, for each weekly sample freshly mixed bait was used and the traps were rotated to new positions so local environment surrounding each bait changed from week to week. Although samples were trapped in the same block, ßies trapped each week were those that had escaped trapping the previous weeks, had migrated into the block, or had emerged in the block.
In the Þrst trial at La Colmena 2005, after 5 wk of testing, grape juice and torula data indicated that grape juice was attractive to Mexican fruit ßies at least equal to torula; we added traps with the concentrate and powdered grape formulations that were cheaper and more easily handled. After Þnal statistical analysis showed that the grape products captured more or an equal number of ßies compared with torula (Table 2) , we decided to compare the grape products alone in the much larger orchard in La Ceiba, in 2008 Ð2009. The results of tests in La Ceiba did not show signiÞcant differences among the grape baits (Table 3) . We designed tests for 2008 Ð2009 and 2010 Ð2011 to compare the three grape baits plus torula at the two sites. Late in the summer of 2011, Fruitibases changed the production of the concentrate, which appeared to have the best handling and attraction combination and stated they will only prepare the product for special Means followed by same letter are not signiÞcantly different. * Bonferrroni separation P Ͻ 0.01. orders (200 liters or more); therefore, we cannot evaluate this product as an economic alternative.
Results of the tests presented here demonstrated that grape juice, grape powder mixture, and grape concentrate were attractive to Mexican fruit ßies but differed in trapping efÞcacy relative to each other and to torula extract. The Þrst experiment (2004 Ð2006) was designed to determine whether the grape products could be effective baits for A. serpentina. We have trapped this species in torula baited traps in La Colmena every year for at least the last 12 yr (before 1998 other Tephritidae trapped were listed as "others") and small numbers (Ͻ15 total per test) of A. serpentina were trapped in all baits in all the tests presented here. Other tephritid species trapped in the grape product baits at La Colmena were Toxitrypana longicaudata (Ashmead), Anastrepha striata (Schiner), and Anastrepha obliqua (Macquart). Hosts of these species are summarized in Norrbom (2003) . T. longicaudata is a specialist on papaya, and in northeastern Mexico, it is frequently trapped in citrus orchards located near to domestic gardens where papayas are grown, A. striata is associated with guavas but occasionally with other fruit, and A. obliqua breeds in many soft tropical fruits including guava and mango and tropical plums but very poorly in citrus (Mangan et al. 2011a) . A. serpentina is documented to occasionally be reared from citrus but is a major pest of sapotaceae (Mangan et al. 2011b) .
The orchard in San Luis Potosi, La Ceiba, captured larger numbers of A. obliqua (25Ð35 total per test) and also captured 5Ð10 A. serpentina per test. From these observations we cannot draw conclusions about comparing trapping other species of fruit ßies with grape products, but the trapping frequency showed the grape baits did capture A. serpentina and A. obliqua.
Although comments in Baker et al. (1944) emphasized that fermentation products were superior to fruit baits, in more recent literature there have been a few references to fruit juices, components of fruit, or chemicals extracted from fruit as attractants to economically important fruit ßies. Katsoyannos et al. (1997) found cut orange peels and orange juice to be attractive to the Mediterranean fruit ßy, but different tissues and preparations attracted the sexes differently and the fruit attractants were approximately equal to torula yeast. Papadopolous et al. 2001 reported that male Mediterranean fruit ßies had mating advantages after feeding on the ßavedo cut peels of oranges compared with control males. This would provide a selective advantage to males responding to the ßavedo tissue chemicals. These results and similar studies Means followed by same letter are not signiÞcantly different. * Bonferrroni separation P Ͻ 0.01. (Heath et al. 1995) , and torula extract in orchards located in Hualahuises, Linares, and General Teran, Nuevo Leon over a 12 wk period. They found that commercial grape juice captured signiÞcantly more ßies than either torula hydrolysate or the 2 component Biolure packets of ammonium acetate and putricine. Their study sites are located in similar habitats and similar numbers of ßies trapped to the La Colmena site. Of the experiments we have reviewed, none compared different formulations of grape juice or ßavorings and none were continued over a multimonth period. Additional experiments with various grape products performed by Massa et al. (2008) and Robacker et al. (2011) identiÞed components of several Mexican grape products for attraction to Mexican fruit ßies using mass-reared irradiated Mexican fruit ßies or in wind tunnels under laboratory conditions. Both studies showed that combinations of components provided essences that were at least as attractive as the commercial grape products under their conditions.
The Þrst test at La Colmena had the highest per trap density of ßies and captured signiÞcantly different numbers of ßies in each of the baits. The grape concentrate was superior to hydrolyzed torula and grape juice as well as powdered grape mix during the sampling period when all four baits were tested. Results from the other Þve tests showed that the grape juice trapped greater total numbers of ßies than the other products; however, during low population periods, usually mid-to late summer, the most of the baits captured no ßies.
We have not investigated the chemical differences between the grape juice, powdered extract, and grape concentrate other than observing the content labels. Likely candidates are additives used in preparations of fruit juice products, such as propylene glycol and PEG. In developing attractant and ingestible baits for fruit ßies, Moreno and Mangan (2002) used 1 or 2% PEG as an additive to aid in mixing and keep the suspended ingredients from separating. The material has been shown to have no or very low vertebrate toxicity and is a food additive in many condiments (Smyth et al.1947 , Larionov et al. 1979 , Lewis 1989 ). Moreno and Mangan (2002) showed that at these concentrations, feeding rate by A. obliqua, which is more sensitive to adult diet formulations than A. ludens, preferred to feed on a hydrolyzed protein-sugar bait (Solbait) containing 1 or 2% PEG compared with a control lacking this product. However, in attractant tests, they did not Þnd that these additives improved attraction. The trapping data presented here indicate that PEG did not result in signiÞcant differences among the baits and the comparisons were inconsistent.
The association of female maturity in attraction, tested in 2010 Ð2011 at both La Colmena and La Ceiba orchards, showed that the majority of the ßies attracted to all the baits were mature females. This is to be expected because eggs mature in about a week and females are thought to survive for several months. We noted no differences in mature:immature ratios associated with the baits at either of the locations.
Baits that improve detection of fruit ßy populations provide producers with better knowledge of fruit ßy threats. However, total ßies trapped may not be the best criteria for evaluating baits. Baits capturing ßies under conditions when other baits do not may be more important than baits that capture the most ßies for regulatory actions or detecting new outbreaks. Tables 1Ð 6 show that juice had the lowest total incidence of zero captures.
International Standards for Phytosanitary Measures are published by the International Plant Protection Convention (2010) and are used for determining low pest prevalence or pest free zones (Food and Agriculture Organization [FAO] 1996 [FAO] , 1999 ; North American Plant Protection Organization [NAPPO] 2011). A high level of sensitivity for trapping systems at low pest incidence improves the conÞdence level for pest-free status of zones relative to these protocols. Detection of adult fruit ßies is an important component of fruit ßy management programs to protect against damage and loss, but is also a key factor in protocols for meeting quarantine standards. Presumably use of a new, more effective bait will require adjustment of these protocols.
